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Role of peptide aittigen for induction of inhibitory antibodies to 
Streptococcus mutans in the human oral cavity 
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Tht alskqine-ticih repeadttg region (A-cPgion) in titc surCftce prot<4A antigen (PAc) of Streptococcus 
miaans has rcocived much aneniioti a£ an atitig^c component for vftcdnea against dfiotal caries. Hic 
PAc (residue 361-386) peptide in the A-iegion possesses a multiple binding motif (L- -V-K- -A) to yar- 
ioas HLA-t>It moiecvles and a B-ceU core epitope (- Y- - -L- -Y- * » -) that reoogjbhes tite InMbitibg ami- 
body to & mMitans, In the pment study» wc invesdgated the immunogcnicity of the PAc (361'-3&^ 
p^tidc ID humans and regulators of inductioti of the antl-PA£ (361-386} peptide l£A antibody (bPPa) 
in saliva. The PAc (361-386) peptide wa< eonAnned 9S an ideal p«pUd« antifien t^r mduoUon of the 
ItihlhlTlng antibody to £ tnutans in 151 hoalvhy humtn subjees (36-6 ± 12-6 yatxe old) by quanitc&tivc 
analyses of oral bactcrin And ELIS A» as ih& aPPA ticre in human saliva decreased algnificantly in an age- 
dependent manner. Ktmxozygoos DRB1^0405 and lS(f2, and h^tomiygoiw DBBl^WISOl showed a 
negative asaodatioti ^tfa piodilctioii ot aH'A kod tended io tttdnee tbe number of tots! streptoooedi In 
saliva. In contrast, the DBBl*1502 tSMt was signifieantKy oon»lated with a hisli Unwl of induecion of 
the endbodifis, and also tended to reduce laetobaciUi and mntans stieptococdL Punher, peptide immu^ 
nogenicity was coofioned in NOD-SdD mioe grafted witti homan peripheral blood mononuclear cells. 
Our tesulu indicate that the interplay betw^n regubiois sitcb us age, DRBl geDO^rpc, qrtokiiLOS, and 
peptide immunogenidty mvy prc^vid^ & potcatial means ^or develo^g ^ vaecine useful 0ar the pre- 
vemion of dental caries as well as their di^oeis. 

Keywords NOD-SdP nuee peptide Dt(Bl genotype Str^tococcus mutans dental caries 



INTRODUCXXOr^ 

Streptococcus mutans has been suggested to h&V6 an assodation 
with dental caries [i;2], snd epidemiological suiv^ have shown 
that greater numbers of S. muttms in children ar^ associated with 
a higher incidence of decayed, missings and filled teeth (PMFI7. 
Le. fragment caries experiences [3-5]. The cell surface protein 
antigens of .SI mutans, PAc [6], Ag I/n [7], PI [8]. and B [9]. funis- 
tioD eSscntLatly for colonization of the bactenum on tooth sur- 
faced dnd intera(;t with the salivary peHicle tliat coats the dental 
ensmet [10-12]. The alanine-rkh repeeiing rc^on (residue 
21^-464, A-iegion) of the PAc molecule t» important fox the 
iAte»f»cdon of S mvsmts with saUvftiy flltxi [13-15] with a strong 
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immunogenicicy in humans {16], and may bo a candidate antigen 
far iodudng the produedon of inhibtung atttibodies against the 
adherence of muums to tooth sux^oes. 

The A-iegion is composed of 3 long and 2 incomplete 
repeating sequences [6]. Bach repeating sequence contains 
sequences homozygous to tlis amino aad sequence^ 
**^rYEAAIJKQYEADL^» while PAc (365-377), an in«>ortant 
region for the adherence of £ maians to tooth surfaces [17,1S], as 
well as T' and B-cell ^iiopes overlap [17,19] . Fortfaer« the epitope 
(YEA-LOY) of the surface protein antigen (PAg) of sobrinus 

[20) and its core B-cell epitope (- V- - -L- -Y- ) m essential 

toquattces la the antigBmc epitopes of tiie PAe protein that are 
cecogoized speeifically by the andbody pi]. Hie ftntibodias react- 
ing with the core B ceil epitope inhibit competitively interaction 
of 51 mutans to salivary components [17»18»21]- The overlapped 
PAe (370^386) pc^de to PAc (361-377) peptide tofiiudes a tnul- 
Tiple binding motif (L^-V-K>-A) that xeacts with HLA- 
DRBI^om. *2lOl *}m, and HdOS [22;23], and is also 
reeogiii2ed in the A-rqgiDn. 1hordkire» the coupled PAe (361-386) 
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pcplid^ frdm reAldud$ 361-377 anil 370-386 may be a minimum 
Mxiigen of PAc that induces the inhibiting antibodies for adher* 
ence of musans to the tooth aurtaces coated by salivBzy compO' 
notxis io humani. 

$«fivMy immunoglobulin A (IgA) resets with oftJ strepto- 
cocci and other bacteria, and i$ considered an impofTOni: factor for 
ho(i dc(ii:nsc against infection (24]. These impotEant functions of 
IgA hav« toctisod intartist on the development of mucosal vac- 
dties^ [25,2^. as well as its possible therapeutic use in treatment ot 
tn££:ction [27-29]. In addition, saliva levels of the IgA antibody 
assoctaied with caries protection, because negative corT<;iat{ans 
betweeok tbe IgA antibody and caries formaxiodf have been found 
and salivary IgA antibodies have been reported to play 
an imponant rolo against £ mutans for the prevention of dcntaJl 
caries through bactciiostasls [3031]. The human leucocyte anti- 
gen (HLA) k coded by the major histocompatlbUity oomplcx 
(MHQ and also plays an important role in controlling the pro- 
dvcdon of antibodies In saliva [3334)* as the producdon of sali- 
vary IgA antibodies h influenced HLA tnoleouUs on the 
immune eells [33-35]. In additioni the aa$actatlon betwoen the 
HLA allele and susceptiblii^ to eolonizatioD by S, mutmis or pro- 
duction of tiie salivaiy IgA antibocfy has attracted exteasivt inter- 
est in regards to the dovelopment of a dental caii^ vaccine. To 
investigate Aether the ?Ae (36i^-3d6} p^tide has a fancdon as 
An tftCeflCdve antigen regarding the inducxlon of human antibodtes 
l0flu«ne6d by the HLA class n polymorphism in human salivaj we 
examined anii-PAc (361-38Q peptide antibody litres io human 
subjects, and analysed the relationship between those levels and 
HLA-DR genotypes or pathogenic bacteria U^eb ushig humgn 
saliva. 

NC>D/Lr$3c-scid (nonobesc diabetic - severe combine immu> 
nodei&ciency, NOD-SCXD) mice grafted with human peripheral 
blood mononuclear cells (hu-PBMC) have been t>scd as in Wvo 
models for studying bum&n lymphoid cells respond to human 
specific antigens [36-38]. lhi« mouse stram supports levcb of 
bum;Em cell graftitig that are 5 to 10-fold greater than those 
obtained m C3-17-Scid mice [3^. As a result, hu-PSMC- 
NOD-SdO mouse model is employed for long^tenn tn vlv^ 
analysis of immunoregulatary interactions between human lyav* 
phocyte acdvation and andgeo. We also investigated immunoge- 
nicity of PAc (361-386) pepdde ushig the hu-PBMC-NOD-SCID 
mouse model to clarity direct evidence for inducUon of the 
cifie antibody in httmas immune systems. Our result^ xnay provide 
MStSxA ftnformatiort fox the preventioQ of dental caries u well as 
diagnosis of their potendal ri$lc in humans. 

MATE&UAILS ANB M[ETHOI>S 

NOD-SCID mice were purchased from The Jackson Laboscalory 
(Bar Harbor, ME) and maintained at the Nadonal Institute of 
Infecdous £)i8ea$e« (NIID). Female mice at the age of ^9 weeks 
were used in the present smdy. All expbnmento were performed 
in aocordance viih our insdtudonal guidelmes. 

Human subjects 

One hundred and &fty'<ine patients (60 males, age 37.6 ± 13'&; 91 
females, age 35 0 ± 104; Overall age 36-6 ± 12-6 years old) of the 
Pacific Dental Oinic, Japan, pardclpated in this study. Prior to the 
survey^ tha aim details of the oxpcriments waXB eaeplained and 
consent was obtained from all subjects, the study was conducted 



according to rbe ethical guideline at our institution according to 
die Helsinki declaration. Dental examinations were conducted 
under artifidal white light by tramcd dentists. Aocordmg to WHO 
criteria [3$]» decayed toetfa (DT), missing teeth (MT), and fiUed 
teedk (PT) (DMPT) scores were recorded alottg with flndbgit of 
dental eaiies. Genetic (phenotypio) lyphig for "S^LA-DHBJ was 
determined using a PCR-reatricdon fragm^ut length polymor- 
phism method by the Tissue 'Crpijag Department (BML, Ibkyo, 
Japan) with samples from 96 of the subjects. 

PAc pcpztd^ synthesis 

The seijuences of PAc (361-^386) (NAKaTYEAALKOYEAD 
LAAVKKANAA) and PAo (346-364) (AALTAENTAIK 
QRKENAKA) were derived frOm the sequence of the PAc gene 
from S. muxans MT8146, which coTTCsponds to a portion of the A 
re^at, as described by Okahashi ettd, [40]. Ihe PAc (resldi&e 
361-386) p^tide m the A-regton possesses a multiple bjbding 
motif (L- -V-K- >A) to various HLA-DR molecules and the B^U 

core epitope (- Y- - -L- -Y- ), wliidi is used for reeogntting tibe 

inhibiting anribody to S. miueyu.The peptide was synthesized by 
a stepwise solid phase procedmis at Aaahi Ti^hnp Glass Go. Itie. 
(Tbkyo, Japan). Thja syuthesiaied peptide samples were subse- 
qnendy purified by revened-phnse high-f^crfonnance il^uxd ehto« 
matography (HPLC) on a TSK-GBL colvnm (1 X 30 cm) (TOSQ 
Ibkyo, Japan) with a 10% to 45^ Qomcmlfrite gradieni in 01% 
TFA. and developed over 50 min at a flow me of S mi/minuted 
Purity w^ detennin^ as greanar than 95% in each tube by HPJwC 
onal^. lb confi r ni . the amino add aequences of the synthetic 
peptides, several samples were randomly selected, and then anal< 
ysed using a System 7300 Amino Add Analyser (Beckman, N7) 
and a Model 477 A Protein Sequence (Applied Biosystems» Fas- 
ter city, CA. USA). 

Human saliva ^oltection 

Whob Bzdivs from human subjects was stimulated by chewing 
paraffin gum ond coUeot(»i into ice-ehllled sterile bottles over a 
period of 5 min, and clarified by centrifkigation at 10 000^ g for 
10 ndn at 4'C Saliva aaniples were also ooUeeted in plastic mb^ 
and stored at -WQ dien de&oitod just prior to measuring the 
antibody levels. 

Bacteria counting 

All baet^ counting was perfiormcd by fh6 Laboravory of BfiO- 
t«^olDgy (BML). Saliva samples were gently Shaken and inocu- 
lated ou^ Mitis-Saiivariiis agar (MTS, Nippon Becton Dickinson 
Ca Iad« Tokyoi Japan) and Rogosa SL agar (Nippon Becton 
Dickinson Co. Ltd) using an BDDY JET spiral plating system 
(lUL, Ibrrenc, Spain)> to conni total streptococci (t5) and 
lactobacUli (LB) organisms. Modified ^tfTSB (NDi^TSB) was pre- 
pared by a classic modiUcatloe of MTS agar plates containing 0^ 
U badtrecm (MTSB, Sigma Caiemical Co., St Louts, MO), and 
used for detection and counting of mutans streptococci (mS) 
organisDM. The MMTSB contained 20% sucrose (wauo, Tokyo^ 
Japan), 2 /ig/ml of gramicidin (Sigma), 10 /igM of nalidi)dc a^ 
(Wako), 10 /ig/ml of colistin sulphate (Wako), and 2 mg/ml of 
yeast extract (Becton Dickinson SiMirks^ MD), and ys known to be 
eddremely prociso for the oouniing of mS colonies [41-44]. Fol- 
lowing anaerobic inoculation for 4S h at 37^C the colony-fomiing 
units (CFU) of eveiy group were counted. Colonies of mS were 
identified by their characteristic appearance and tbe mS rado was 
calculated as colony numbers of mS/eolomy numbens of tS x 100. 
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Injection ofPAc (362-S86) pepdd^ to humardz^td Mice 
Tbc imtttunizatioB schedule was shown in Fig- 2a. *Craflsplaata«» 
lion ot hu-PBMC itiio NOD-SCID mice was perfono^id using 
pr^cediired and cottdition$ dcocribcd previously [45]. hu-FBMC 
WW isolated tram 400 ml Of peripheral blood taken from a nor- 
mal healthy volunieer by e^aration using FicoU-Conrey 
(IiiimUAO-BiolO£icdi Laboratories, Oumhe* Japan) density gradi* 
cat eentrifugation. Thfi^ eeOs were washed 3 timefi in H^nks Bal- 
anced Salt Solution (HBSS) (Giboo Laboxiitoiies» life 
Techtioleisies, Paisley, UK) and adjusted to a contieuraiioxL of 
4'0-«'OxlOVml in HB5S* hw-TOMC suspensions W»re then 
adnjinistered intr^efiton«rtIy at 0-5 ml per mouse. Groups of 3- 
5 fenuUe mice frota a single litter were grafted with PBMC from 
the donor and used in ihc experiments. Mice were irradiated 
(gamma irTadUdon.2-5 Gy) from a "'Cs souree (Gamma cell 40, 
ATomlc ^crgy of Canada Ud, Kanata, Canada) 0-1 days b^ore 
human cell transfer. On 1. 7 and 14 days after hu-PBMC trans- 
. plafliaiion» some of the hu-PSMC-NOD-SCDC) mice were 
administrated intraperitoneally wiib a njijrture of 0-0 or ng 
of hu-IW (204-IL, RAD system Joe, MinoeapcUs, NSfN. USA) 
or IL-10 0^09. BioSownce^ CamariHo, CA» US A), with 0 0 and 
30-0 ug 07 PAc (361-^$Q peptide in 300 /d of phoephaid^bufEered 
saline (EB$), pH7«4. Seven days after hu-PBMC tran^lanra- 
tlon, the mice were immunized subeutaneously with 30^ ng of 
PAf; (361-386) peptide emulsified in Freund^s coo^lete adjuvant 
(DIfeo Laboratory, Detroit, MK, USA). One week later, the mice 
were boosted by e subcutatieotia injecdpn wiih and wifhtMU the 
immuAhslng antigen at the same dose emulsified in Praumi'a 
incompteie at^nvant (Difeo). Control mice without the immuaiB- 
ins cmtiseii were injected consisteatiy with 300 pi of PBS alone. 
One week after the lost injectioii, sera and spleeitf weco 
extracted for teathk^ Oenotypmg for HtA»I>ABi in the s^eea 
cells from hu-PBMO>N0P«$CID miee injected or not kdocmd 
with the peptide was pevfoxmed by the Tiseue lypihc Depart 
mcntof BKILr 

EU5A 

Por an enzyme-linked immunosorbOTt assay (BLISA), 96-well 
mimtit«r H-plates (Simiitomo Bakelate, Tol<yo» Japan) wore 
coated overnight at 4*C: wlih 1(K) /d of PAt (361-386) pt^ptide 
(coneentratiort 20 ^ml) or skim milk (as a co^ivol) in coating 
buffer at pH 9-6 for enumeration of the IgO specific to .S muians 
[17]. The plates were washed with PBS containing 01% (v/v) 
tWeen 20 (PBST) and blocked with 1% (wt/vol) skhn milk in 
PEST for 1 h at 37"C . Bxcess skim raQk was removed by washing 
3 tunes v^tb PBST. and then a 100 ^ aliquot of a twofold serial 
dilution of saliva or sera from ihe inoculated hu-PBMC-NOD- 
SCID mice was added to the weUs and the ndxtures were incu- 
baied Cor 1 h at 37''C The wells were then washed 5 times with 
PBST and further incubated for 1 h at 37"C with 100 /d of alkalme 
phosphatase-coigugaied goat atitihunian faninimoglobnlin A or G 
(both heavy and light chains) antibodies (^ymed Laboratories^ 
South San Prandseo, CA, USA). Alter 5 washes vdtib PBST, 
botmd antibodies were detected after the addition of. 100 /d of 
3 mg^ml para^nitrophcnyl phosphate as a substrate and incuba- 
• tioo for 90 tnin at 37'*C Absorbance at 405 imi (Adoj) was mea- 
sured with a micTOplate reader (Muhlskan Bicbromaiic: 
Laboratory Japan, Tokyo. Japan). The ELIS A- antibody riure was 
expressed as the reciprocal (Logs) ^i ^a highest dilution giving an 
A^ of 0*1 above tha^t of the control (skim milk) a&er 1 h of ineu- 
batian with che substrate. 



Z>or blouing 

lb confirm the spcdficity o£ the aati-PAc(361-386) peptide anti- 
body in human saliva, dot blot analysis was performed using 
bovine serum albumin (BSA) with BSA-conjugated PAc (361- 
386) peptide blotted onto the uitrocelluiose. The nitrocellulose 
blots were in(;ubated m human s^ova and alkaline phosphate^ 
conjugated goat polyclon^ antibodies raised against the human 
IgA antibodies, and then ox^ostd to the substrate. 

Flaw cytometry 

Single cell suspen^ons of ^leen eells w^c prepared by gently 
homogenizing tbe eells >Kdth ice-eoU HBSS. Shigle cell sw^en- 
^ons of peritoneal cells were collected by washing the peritousal 
eavity with an HBSS solution. All eett suspensions were washed 
one^ in ice-cold HBSS as deaeribed below. Spleen or petitoneal 
cells were stained with FTTC- OC PE-eonJt^ted anuhuman 
marker mAbs in PBS/1% BSA and washed wi& HBSS medinm. 
At least lO'-lO' live spleen cells, Including mouse and human lym- 
phoid cells, were acqtdred in each run. Fk ea^ mouse analysed, 
cells were also stained wl^ mouse IgG conjugated to FITC and 
PB as an isotype controL ^leen or petitoneal cells from a non- 
transplanted NOD-SdD mouse wer9 stained h\ paraUe) as an 
additional negative control Fluorescenoe levels that eoduded 
grater than 98% of ttxe cells in «he negative controls were con- 
sidered to be po^tiv^ and ^>ecific for human staining. Hie cells 
were fixed in a 3% &>tn>alln/HBSS solution and ^ored at 4*C 
UntH flow Qrtometrio analysis. Samples gated on th£ fon^d light 
seatter (F5Q and a&d^ light scatter (SSC) wer? tiaed to identify 
viaUe lymphocytes. Proportions of the major subsets were deten^ 
mined by single and quadrant analyses. Single cell suspensions 
were stained vidth iha following antibodies: fltiorescdn isothiocy- 
onate (PrrC>con|ugated antimoufla CI>45 (30-Pll), «a&tihu< 
CD45 (H13Q), antihu-aM (RPA-T4), and phycoeryflirin (PE> 
coi^ugated onftihtMSS (RPA-T8), each purehased from BD 
PharMlhgeb (San Diego, CA, USA). The pmantBges of PttC 
and PS^posidve cells were meaauKod using a FACS with the 
CELLqucst program (Beckten £>l£kmson» San Jose, CA, USA). 

Swtistitol MolygiS 

Allele frequencies in the human aubjecis were calculated by 
direct counting. Gronp comparisons of the levets of parameters 
were analysed by aHOV a* ^-values of ^-05 were considered to be 
statistically signifieuit, 

IftESUE^TS 

Correlations hetwom anti-J^Ac (S6I-SS6) peptide mtihody litre 
and various paramaters 

Tbe difiorences between female and male subjects for age, anti- 
PAe (361-386) peptide IgA (aPPA) titre in saliva, DMFT, LJB, mS 
ntnnbett mS ratio, az>d tS number were tnvestigaicd. DMPT 
(15*1 ±7*0) hi fem^es was signifieantly higher than In males 
(l2-4dk4-9, p<04iSt), wh^aas there were no signlfieant differ^ 
ences between the other parameters. The human subjects were 
^vlded into 4 groups: the no antibody group (anti-PAc (36l*-386) 
peptide anta^ody titio (a) ^1)» low groi^ (>0-t but ^), moder- 
ate gronp (>1 but £3) and high group (&3), and the various 
parameters were compared within eadi Reactions to 

The pcptkle were determined by BL2SA, and also confirmed 
by dot blot ansjysis using BSA.-conjugaxed PAc (361-386) 
peptide and tbe eoncrol (BSA) (data not shown). Mean age 
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tUdc 1. RiUAliMstalp b«(WM» md-rac (SCMW) ftipui^ auiboifies ia saliVK muI vaiiow pvmlMU* 





n 


F*4t 


Age 




(XlC/kot) 




mS r»tio 
(*) 


(>e 10^ /nd) 




20 


11.-9 








13 ±3.4 




0,7 ±ia 


4.0 ±3.4 


Low 


32 


ISiU 




* 

m 


J 

144 ±5.5 


2.7±6g6 


2.2±3.7 


0.fi±lj6 

■ 


4.2±33 




S8 


mi 






13.7 ±55 


3.0±8J 




a9±i.5 


1 3*±3,7 


High 


41 


2S:l6 




I4d±&^ 


24±4a 


1j0±2.6 - 


0J*O^ 


P 

J 4.3±5.7 




151 


91:60 


36.6^^12.6 


KO±M 




X4*53 


0.7 ±13 


3.9±4J2 



Anti-tao (36«86) peptide antibody tltrt la «*liva: No antibody yroUp ^0-1: Low >0.1 and S1.0; ModerAie >14) wid S3*0? High >3.0. F. fcmaJe; M. 



(44'& ± 14-7 ycra) WW slgtem<:antly hig^et in tho no antibody 
^oup ct$ compftxod to the moderaie (35*2 11*5 ycsre) and high 
p3*0 ± lia >re«:r«) groups (P < (W)l), Itw mimber of mS (1*0 ± 
2*6) and mS faiio (0-3 ± 0-5) in ttic high group were dgnWcautly 
lower than those in the no antibody (4-2 ± 7-7) and mod^rata (0-9 
ft l>5).|p-oup5 (P<0-05), Tb«* wtrfc no eignificant differences 
between DMFT, L£ and tS conoentration, and aFPA. Ibc PAc 
(34^364) peptide fionUinv the B ceU ephopo in bumans [1^ and 
was used as a control antigen. There were no observable difler- 
eace« between tbe vazioufi paratnfic&rs and anti-PAc (346-364) 
peptide TgA antibodies in many of che saliva sa]nple$ (n x 70) 
(data not shown). 

Age, trtiittber, and mS tato were eoi^ared between^^ 4 
groups; and between females and mate (Fi&l). Tbe antibody 



titte $hiywod a significantly nagatlye eoxrelation witb ago itt males, 
whiles mS number was aigpJfteantiy hi^ier In ibe no antibody 
group as conq»amd to the moderate and hl^ groupa among 
fmales^ and higher in. the moderate as cofmpaittd to the high 
group among males (J* < 0*05). However, thcie were no agnifi^ 
cant differences in mS ratio between temates a^d males in all 
groups. 

Correlations betwetn DHMl $aioiype$ and tmH'PAc (B61-3B6) 
pepUds anybodies 

The associations between various DRBl gene^ and the titrca and 
bacterial parameters, as se^ by akova, ar» shown b Tabled. 
Hie aPPA titre was signiilcanTly lower in the mixed genotypes of 
homoaygoos DRBI^WOS and 1502, and DBBI^H>40S/^lS<n than 



Table 2. CoircUdonB widi DKSr*^, ISOX, iS01,i»0l or OJOJ to vaiioits ptnwxnix 



DRBl 



n F:M 



Titer 



t>MFT 



mSndio 



( xaq* Ml ) ( xlO*AiU ) W 



(xloVwl) 



0405 



keuio 



9 i-A 3M±lh$ O.d±0^-, 



1502 
0405/1502 

0405 hetero 17 13^I 38.9 ± 13.4 i6 ± 1-3 ^ 

IJ<?2hetero 18 15;3 39.9*143 2i±U 

1501 II 5!6 37j0 ± 11.9 2.7 ± 1^ 

0901 25 16:9 404 ± 16.0 2.1 ^ 15 

OlQl 15 8:7 34.9 ± lU ± 1*1 

OfheiS 21 15x6 44,7 ± 15.7 2-6 ± 2.2 



12.0 ±4,0 13 ± $-2 

13.2 1X> ± 3.1 

13.9 ± 5.6 iJO ± ^6 



14^ ± 6*9 0,1 ± 0.1-.^ 0.7 ±1.3 



144 ±6.1 3>> * - 
13.7 ±54 2^ ± 



-r J 13.9 ±4.2 1-1 ±3.0 



1.2 ± 1.6 0.4 ± 04 

1.6 ±2.0 0,7 ± a9 
2.9 ± 6.4 0*9 ± 14 

0-2 ±OJ0-t 



3 



X8 d; 4.2 0-9 ± 1.1 
1^±2.5 04 ±0.4 
3A * 6.1 M i 1-7 



1.6 ± 1.S T 

3.7 ± 2.6 
34 ± 3.1 
64 ± 4.2 -J 
4,9 ± 34 • J 
4JP ±3,8 
3.9 ± 2.8 



04OS, 2503 hom>,0405/lS^x Subjecl gtou^r eaqmimig HLA- DRBl*040SmoS, 1502/im or 040S/1S02. 040S hetcio: Subject group expresRAg HLA- 
J&WlWftS/otheis. /Jra bcterw $ub|occ group esi|»esunc HLA- DilBl*J502i^ttM. tSOl haiw: Suhjeet group ftXpressing HLA- i?MmS0XitM»ea. 
09^7: giibject group eXpiesdns HLA- /)iiB J •CJttl allele. WWiSubjecl group exprndag HLA- PRBJ^IOI allete. Ofteis: Sul^a^ group expreadng HLA- 
DRBl '1502» 1501, 0405, 0901 and 0101 aU^ Sigaitoiit Terence* ben»e«ii eadi gre^ •P < O.0S, ♦*P < 0.01; numbwa «hewn on sqiiare biacken aze 
P'wffaiuc witboat ItasllAdeal sugnificaace 

O 2004 BlackwcU PubHshhig Ltd« Clinical vxd B^pervtuniol Immunolosy* 137*493-401 
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Female 



Male 




APPA^roupc 

IFlQ. !• Relationships bctweca age, number of mS Ofigadism^ fitio> and 
levels of a-P?A in tcttdle and amle (utjcctz. Md&sureudnc of m$ vuml^or 
and disiribution of a-PPA tiirc in 4 groups dodc:tibod in M&t^riaU nnd 
Methods. KjcsuUs arc expressed as mftan ±. Sty €>i eich parawctcT. ( ): 
Nttflabex of subjects in o&eb age ^oup. Asiensks denote signiikandy dif- 
imax relative antibody Icv^l {*P < 0-05, < O-Ol). 



heierozygous I>RBl^m$. JORBl^IdOZ, DRB1H502, and oihets. 
The nimiber of iS was aUto lower in the mixed 5eix<»yp6 ^taip 
i^mDRB1^150h 0901,0101, and others. In oontrast, the titre was 
bigh«r in heterozygous DRB1*JS0I Chan the jnbtod genotype, 
I^il^i and othcn, while LB and mS raiio were significBntly 
low^ than in and odiets. Furdiet, the citre as well as 

rS ntunber and LB were higher in the DRBl^^QOOl than the itiixed 
genoiypes an<i DRBl'^lSOl.Thfixt. w«fe ao £igni£LcAnt dl££ajr^ees 
between various DRBl groups in Age, DMFt and mS. 

Produc^n of hu^mti-f Ac ($$1-^96) peptide IgC antibodies 
m mice 

To establish a small animd n^Ddel (or production of hu-IgG antio 
bodies to PAc (361-386) pepdde, we grafted hu-CD45*. -CD4* 
end -CDS* cells and injccced the pAe peptide into NOD-SdD 
loiee* after which wc analysed production of the hu-anti-PAc 



(361-386) papfido l^Q antibody (aPFG) in Ae these hu-pBMC- 
NOD-SCtD mice. IL^ and IL'IO are plelotrepic cytokines pro- 
duced bf activated Th2 cells [46,47] that have be^ identified as 
important regulators tor B cell development [48], Further, we 
investigated whether XL-4 or lL-10 had an etfect to regulate the 
production of aPPO. Prior to the analysis for aFPG, significant 
propordons of hu-C3345-, -CD4^CDS". and -CD4*t358* ceils in 
the spleen and perhoneal ceUs were also detected by FACS anal- 
ysis to determine the grafdng efficacy oC the hu-cells into the mice 
(data not shown). Ihe produexion of aPPO Vf9S up-ragulated by 
intraperitoneal administration of the peptide (30 ag/mouse) with- 
out cytoldnes in 7 of 9 skice expressing dilfercnt heterozygous 
PICBl g^oiyp^ and I mouse expreaslne homozygous 
DJ^1'*04CS, in conu^t w> the nonlntmimi^ed mice (Pig* 2b). In 
addition, cooedmlnisiraiion of VLA widt the peptide showed pos- 
itive for inoceasln^ aPPO (Ftg^ s^hetea^ coadministra- 
tion of n^lO inhihlidd the increase In 4 of 6 mice expressing 
diGEcrCnt bctcro^goiis DRBl genotypes ODd 1 oiouse expresong 
homozygous DRB1^04QS (Fig. 2d). 

There has been increasing interest in recent yecus in the estab- 
lishment ol a PAc peptide antigen, and studies of n candidate anti- 
geau PAa (36I«377) peptide^ aa wall as T and B-ce|l epitopes that 
iadilce on inbSbiljiig aatibo^ to iatecaction with satxTary ootopo* 
nents and coloniasntien of S, mutans on the rat's tooth surfaces and 
the imihiple agretope (L- - V-K- - A) that are rcstrictod by various 
HLA<D& genotypes hgva bean reported [17-19^|23]. The 
spntad peptide, PAc (361-^) peptide to the Ocenninal of PAc 
<361-377) pepUdo, indndcs a multiple agretope. The PAc (361- 
377} peptide has been shown to induce specific antibodies to 
mntans scr^tococd (5L mtuaitt and 31 sohrhtus), however, not 
Other stroptococd in mica, because the peptide poascasea a bljjh 
hoinelogoua amino ^cid sequeno^ betwccx& mi^ronr and £ Mtbrh 
nus (X8^;^l]. As e result, the PAc (361-386) peptide Is consid- 
ered to be a candidate antigen for induction of the antibody that 
apccifically inhibits .coloaizaiion ai $, muiant and £ aobrlnur In 
humans* 

S. mutans is a pathogen of dental caries, infecting dxe oral cav- 
ity of almost ail butaans. The PBMC from sabjecis u«ed in the 
present study sbowed po&iitve $orun\ anti PAc(36I-3S6) peptide 
antibody level in hu-PBMC-NOD-SCID mice iiijocted with con- 
trohPBS and wtxt duis seasiii2ed to S. mutant antigens. Accords 
inglyt it is speculated that* in the hu-PBMC-NOD-SCSD mice to 
whom S muun^-sensitized PBMC had been transplanted, the 
apaeUie antlbodLes produced might have resulted from secondary 
responses to the immuaization wi& the PAc(361-386) peptide. 
Consequently. PAc (361-3dQ peptide was confirmed as an ideal 
peptide antt^(an for ttiduction of the antibody in humans by 
BLESA and the NOD-SCZp mouse system. Keecnt studies 
involving immunizadon wlih'syxkiheile peptides and toion pro- 
teins with PAc firem the catalyde and glucan-binding rogioz&s of 
glucosyttmnsferasc hAYC shown a redttCCioA in level of 
smooth surfece caries in both active and passive immmuzod rats 
foUowtng infection with S. mums or S, sctrinus [1^,49]- Several 
GTF and PAc peptides speculated to have hi^ binding charac- 
teristics to MHC class H have aho been studied for their immu- 
nogenidty in rats and mice [S0;51}, and the binding motifs of Gt^ 
to MHC cl<B« n have been reported as wcU [22). However, the 
antigenicides of these pepdda$ have not been investigated in a 



O 2004 Bladcwell Pubtt»hing Ltd, CUnical and Exp^rime^i^ tmmunology^ 137:393^1 



2006.04.20 (*) 16:19 NOMA k SON PATENT 



FAXI^: 03-3284-1704 



P. 009/012 



# 6/10 



398 



Y. Tsuha et aL 



(«) 

2>5G(y, gamma 
irradiation 



^0 1 7 1* 

H — I — !■ 



35 days 



Hu-PBMC 



A 



'A 



Peptide + )L-4 or IL-10 Cq>) 

Poprtidd •f FraurKTs Incomplete adiuyant (SC) 



^ 

t 



Pttptlda -I- 0.-4 or lt-10 Op) 

Paptida •«> Fnauntf e completa adjuvant (SQ 



Sactnice 
epiaan cells \ 
Peiftoneal cells ' 



Peptide or IMO fip) 

<b) 



•^S^lnjoellon 



N — , 



itibllihihll 

fC ^ 0405/0405 0406^0603 040SI0101 0405/13^ 040sJl»5l 

^iB^TS^ 1401/1403 liSiTlSce 0^10/1201 laovizoa 



<c) 



•FACS 



llhllnlLLbJ 

« ^ 0410/1501 040S«)001 120^/1301 1301/1302 

1501/0803 0405/0101 040S«)405 O405/0B03 0405/1302 040S/OW1 

Stg.Z, *«odiwKlo» of ■H-FFQ in bu^BMC4aor>-SC)D0 idkc tQHwwiai itiiminiz»tion with PAc (361-^86) peptide. Tbe immuzutation 
tetkCidiiU «h<rim i& <*)»Tho peptide (») In 1»fiS (b). Tt^ (c). or IL^O (d> w«9 UijecteU into 1 or X NOI>-SCID ixiict grtfted with ho- 
PBMC expicssing the heterox^out or haaMsygous "OL^-DRBl genotypt ftcm n ^aAle doaOr.Hie peptide imimmteMton procoduxe h 
doBcnbed in Material and Mediods. "Die bar gr^h shows the LogZ EUSa mibody Utt« io ittdii^dttal li^ecied motwe twmi uanpkt As 
A oontro), a PBS injection without the peptido 03) was pecfoimed and tho peptide umnimo^cmBty iyirt oonpared wi* the control m the 
production of a*PPQ lo koice feora. 
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hxunan immuac system. Hie prew&t study is the first to show thet 
th^ FAc (361-386) peptJdo i& a unique antigen for the rtcognitioxi 
and induction of inhibttiag antibodies lo mutans sircpiococci in 
the humn unmune systctn^ Our resulis may provide uatful infor- 
xaaiion tax the constntotiotL of peptide-based vaoiifMis using var- 
ious epitopes in PAe and GTP to prevent dexit»l cAxies, 

Our findings cuggcst that production o£ cbe anti^FAc (361-- 
3$€) peptide antibody !3t regulated by ageing, HLA-DR genotype, 
nxtd cytokines, as the antibody titre was found to have a negative 
correlation with ageing, with a significaJxt correlation in males 
however, not in females, who might have had a menopausal 
order oi pregnancy at some time (Fig-l)- Optimimi level of che 
antibody titn? was also required for the decraase of mutans strep- 
tococcl In saliva, Wallcngren e/«/. [52] Indicated that the level of 
salivary antibody response differs among genetically different 
individuals, Some mvcstigators have also reported a relationship 
between BLA and caries susceptlbUity [SS-55]. as weU as assod^ 
ations between HLA olass n genes and mS and/or LB 
p3»27,52,S6]. Further, Aetoo « al, demonstrated that DR-4 might 
have a pan in controUing dental caries and that DRBI-4 allele tre* 
quendas in AMcan-Americati ipvom^n «we positively assodatod 
^th mwms level [56], In a rec«nt «mdy. WaDeAgren ef aL (35) 
found lower saUvaiy IgA aedvliy In response lo & mumns In teats 
with DRM^040l and Q404, while Ozawa era2. showed that there 
^ no association between DRw( {DBBJ^^O^OS) and mtttans 
straptocaeel or lactobacilU [57]. In the present study, homozygous 
DIiBl^O<OS in tiie mixed genotypes showed a negative asso^- 
don with production level of aPPA and numbers of tS baciaria In 
saliva, while heterozygous DB^2'^040S showed a postlivo aasoci* 
ation with the production level of aPPA, however^ not ^th other 
bacteria] p&ramGtcrs. Therefote, the ORBl-^ allolo may respond 
to an antigen presenting molecule of S ntutmvs, PKBl^O^OS 
'showed poor rcactrsrity to FAc (361^386) peptide in its homosy- 
govs expression end did not disturb the susc^tibilhy of aaoiher 
DRBJ^ allele to the peptide in an individual with S MHC geno- 
types. Pxaviom repons as weU as our studies of various subject 
groups havo roveal&d unique features regarding the DR* wod- 
ation, and the present findings may suggest lavolvemeni of die 
PRB1^0405 allele and others in die aetiology of oral streptococci 
In addition to I>IiB2^0405, homoaygottS and heterozygous 
DRB1HS02 in mixed fieaotypes showed susceptibility sinular to 
DRBi*'0403^^^ mixed group of homozygous £>BB 2^0405 and 
1503. and hcterv^ous DIiB2'^<MS/2SCZ were correlated with 
lower levels of tS thcref6z« ihey may have asi association with the 
regulation of oral flora. Our data also indkace thai hecerosygofitry 
or homozygosity of DRBI'^090J Increases predisposition to a high 
frequency of UB in saliva, and that DRB2H501 positive status in 
individuals produces aPPA and eliminates the ausoeptibility con- 
ferred by other HLA-DR X>RBl genotypes to eolanizaticm by mS 
and LB. A negativa assocUiion with the haplotypo that Inoludes 
the DRB1'^2S01 allele was also reported in H^lUohaOar pylori 
related di^pies [S8], while patients wiih the DRB2'>2SQ2i 
DQB 2*060$ haplolypc showed significantiy reduced responses 
and were less Hfcely to develop severe systemic diseases caused by 
group A streptoOHXftl infections [59], These results indicate ihat 
the ORB2''1502 aUele may be involved with resistance to infec- 
tious diseases occurring in the upper alimentary region by 
employing mucosal immunity. 

Basad on our findings, we propose that host immunogenic £ao- 
toTS involved in regulating PAe responses may have an influence 
on the severity of tnutaitf streptococci colonization. Our data al$o 
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suggest chat this effect Is mediated dirough differential presenta- 
tion of streptococcal PAc by distinct class 11 alleles, resultmg in 
signlficanx differences in the mi^tudc of mutans streptococci 
biofilm formAtion. The effects of doss n allelic variation on tha 
induction of inhibiting antibodies may also be regulated by poly- 
morphisms of other host inxmunogenetic factors such as cytok- 
ines. This wide scope of refftdatois provides an intriguing model 
for investigation of the role of host-btofihn formation and undctr- 
stan^Gng of the underlying medianism of these genetic associa- 
tions. However, tiiere wm no significant diffezances t>erweea 
DMPT and the other parametcrSr except gender, in the present 
study. In adult individuals, it may be difficult to darify the asso- 
oiations of DMFT witii microblBl parameters or antibody dtre. as 
nat only dental caries but also periodontal diseases have an asso- 
ciation with missing teeth, and mi reveal past dental scams [60]. 
Therefore, a definitive discussion regarding tiia relationship 
between tixc antibody titre and DMFT requires farther Investiga- 
tion in young populntion- 

In general, oral blofUm esdiibits slgnifieatlt resistance to anti^ 
microbial agents and Is capable of a strong physiological response 
to agent-caused stress. Die differential agent sansttivxcy of bio^lm 
and dispersed biofiim cells indicate that its physical smicture 
enhanoes normal celUilar systems for growth, which are depen- 
dent on the nutritional status of the organism (6l].Thc adherence 
of plankionie celU to a surfecc simcrure is inhibited by agents 
such as anti-PAc (361^86) peptide antibody and may not induce 
the appearance of bsofihn* therefore, the present findings mdicate 
that hmnunological eimenta of the host defense syseam operate 
tn eooperation with aa«b anothar. The protective featoras of this 
antibody may make It possible to destgn a multiepifeepc caries vao- 
dne to be ^v«a to Indhdduals expressing various MHC eiass H 
types. In the future* a mucosal adjuvant sooh as mutant eh^ata 
toxin [62] may be a powerful means to safely ckvate the l^el of 
antibody in a peptide vaednaiton. In addition, regulators of anti- 
body Indtictic^ may also Imi used as indicators of dental oarias risk 
for development of a diagnostic method. 

TTds work was supported la part by a grani-tn aid for I>avelopnieikt Sdcu- 
tl0e Reaeareh (I539QS71) frara the Mmistiy of fiduo&iSOfW Science, aad 
Culture of }apaa. and by a graat from tbe Japan Health Seienee fbuada^ 
tiesiloK^. 
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